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HIGH  EXPLOSIVE  AND  SOLID  PROPELLANT  COMPOSITIONS 
BASED  UPON  A  NEW  CLASS  OF  SOLUBLE  OXIDANTS  (U) 

I.  ORGANIC  OXIDANTS- PRELIMINARY  REPORT 

Prepared  by: 

O.  H.  Johnson 


Approved  by:  Darrell  V.  Sickman _ 

Chief,  Organic  Chemistry  Division 

ABSTRACT:  A  number  of  the  oxygen- surplus  experimental  high 
explosive  compounds  discovered  in  the  Bureau  of  Ordnance's  research 
program  in  recent  years,  such  as  BTNEN,  BTNEC  and  TNEOC,  have 
been  found  to  dissolve  in  high  concentrations  in  several  nitropolymers 
such  as  polynitropolyurethanes,  polydinitropropyl  acrylate  and  nitro¬ 
cellulose.  A  preliminary  study  has  been  made  of  this  phenomenon  and 
it  appears  to  be  directly  applicable  to  the  formulation  of  a  new  class  of 
high  explosive  or  solid  propellant  compositions  in  which  the  oxidant  is 
all  or  largely  dissolved  in  the  polymeric  matrix.  It  has  been  found 
possible  to  prepare  essentially  homogeneous  compositions  with  oxygen 
balances  as  high  as  the  CO2  level  which  can  be  extruded  or  compression 
molded  into  tough,  cylindrical  shapes.  Some  of  the  compositions  can  be 
machined  to  close  tolerances.  Most  of  them  have  good  vacuum  thermal 
stabilities  at  100°C  for  48  hours.  Impact  sensitivities  were  in  the  same 
range  as  double  base  propellants.  The  addition  of  aluminum  powder  did 
not  materially  affect  either  the  thermal  stability  or  impact  sensitivity. 
Calculated  heats  of  detonation  of  1400-1600  calories/g  are  readily 
achieved  by  formulations  containing  no  aluminum,  while  with  the  latter 
added,  values  to  Z500  cal/g  are  attainable.  This  development  will 
continue  and  this  report  is  to  be  considered  as  preliminary  study. 


CHEMISTRY  RESEARCH  DEPARTMENT 
U.  S.  NAVAL  ORDNANCE  LABORATORY 
White  Oak,  Silver  Spring,  Maryland 
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This  report  is  the  first  of  a  series  on  the  development  of  a  new  class  of 
solid  propellants  and  high  explosives  based  upon  the  "soluble  oxidant" 
concept.  It  utilizes  as  oxidants  the  group  of  surplus  oxygen  experimental 
explosive  compounds,  all  but  one  of  which  were  discovered  in  this 
laboratory  as  part  of  the  Navy's  research  program  on  new  high  explosives. 
This  work  was  originally  undertaken  under  Task  FR-44  in  the  hope  of 
finding  some  new  concept  for  the  de sensitization  to  a  practical  level  of 
these  very  energetic  but  dangerously  sensitive  new  high  explosives. 

After  the  initial  observation  of  their  solubility  in  several  nitropolymers, 
coupled  with  effective  de  sensitization,  the  work  was  broadened  to  include 
solid  propellant  formulations  as  well.  This  forms  the  basis  for  future 
development  work  in  explosives  and  propellants  at  the  Naval  Ordnance 
Laboratory. 


MELL  A.  PETERSON 
Captain,  USN 
Commander 


By  direction 
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HIGH  EXPLOSIVE  AND  SOLID  PROPELLANT  COMPOSITIONS 
BASED  UPON  A  NEW  CLASS  OF  SOLUBLE  OXIDANTS(U) 

HISTORICAL 


The  Navy  Bureau  of  Ordnance  has  since  .1948  sponsored  a  chemical 
research  program  for  new  high  explosiy,es  both  in  this  laboratory  and  in 
a  number  of  academic  and  industrial  laboratories  (1-4).  This  program 
has  produced  over  300  new  explosive  compounds  the  majority  of  which 
are  derivatives  of  nitroform,  HC(N02)3.  Compounds  with  oxygen  contents 
never  before  attained  in  stable  solid  explosive  compouhds  were  successfully 
synthesized  (14-18  incl.  ).  In  several  cases  the  oxygen  content  per  unit 
volume  exceeded  that  of  liquid  oxygen  itself.  It  wg,s  hoped  that  these 
compounds  would  be  useful  as  explosive  oxidants  in  high  explosive 
compositions  containing  aluminum  powder  for  use  in  underwater  or  air- 
blast  warheads  of  the  HBX-3  or  H-6  types.  Unfortunately,  these  high 
oxygen  explosives  (sometimes  referred  to  as  a  class  by  the  symbol 
"HOX")  were  found  to  be  quite  sensitive  to  impact  (^l).  Furthermore, 
the  usual  de sensitization  techniques  of  wax  coating  or  suspension  in  TNT 
failed  to  desensitize  them  sufficiently  for  military  use  until  excessive 
amounts  of  the  de  sensitization  material  had  been  used.  Apparently, 
small  amounts  of  such  material  merely  acted  as  fuel  for  the  excess 
oxygen  in  the  compounds,  producing  a  more  energetic  decomposition 
reaction  in  hot  spot  areas  and  thus  promoting  growth  of  these  spots*. 

If  was  thus  apparent  that  a  new  approach  was  necessary.  The 
classic  work  of  Alfred  Nobel  on  the  effective  de  sensitization  of  nitro¬ 
glycerine  by  solution  or  "gelatinization"  in  nitrocellulose  in  1888^^) 
formed  the  basis  for  the  present  approach.  Nitroglycerine  is  a  liquid, 
however,  and  not  a  solid  as  are  these  high-oxygen  explosives,  but  it  is 
also  far  more  sensitve  to  impact  than  are  these  HOX's. 

If  this  technique  was  to  be  effective  it  was  visualized  that  the  HOX 
must  be  dispersed  in  molecular  form  between  the  chains  of  polymers  or 


*The  same  effect  has  been  noted  with  organic  coatii^s^on  ammonium 
perchlorate  crystals  in  this  and  other  laboratpriek'^^^. 


possibly  in  molecular  aggregates  sufficiently  small  to  fit  between  these 
polymer  chains,  and  with  no  tendency  to  crystallize  further.  This  is 
what  is  meant  by  "solution"  in  the  polymer.  Such  a  situation  is  more 
difficult  to  attain  with  these  solid,  high  density  explosives  where  strong 
crystal  lattice  forces  are  possible  than  with  a  liquid  such  as  nitroglycerine. 

The  Naval  Ordnance  Test  Station  is  currently  developing  an  energetic 
polymer  from  methyl- 5-vinyltetrazol  for  solid  propellant  applications. 

They  reported  to  the  author  informally  that  a  sample  of  TNEOC  furnished 
by  this  laboratory  appeared  to  dissolve  in  that  polymer  to  the  extent  of 
about  75%.  This  was  described  at  the  Fourth  JANAF  Solid  Propellant 
Group  Meeting  in  May  1958^®).  That  development  with  this  particular 
polymer  is  continuing  in  that  laboratory  and  is  another  example  of  this 
soluble- oxidant  concept. 

Further,  the  Allegany  Ballistics  Laboratory  has  been  informed  of 
these  developments  and  furnished  scunples  of  several  HOX's  and  is 
actively  studying  the  use  of  BTNEN  and  TNEOC  in  nitrocellulose  as  a  basis 
for  higher  energy  solid  propellants  under  Contract  NOrd  16640. 

OBJECTIVES  OF  FEASIBILITY  STUDY 

If  this  approach  were  to  be  successful,  it  was  visualized  that  five 
major  requirements  must  be  met.  These  are  as  follows: 

(a)  Formulations  of  very  high  energy  content  must  be  achieved 
in  a  practical  way; 

(b)  These  formulations  must  be  sufficiently  insensitive  for  .practical 
military  safety  handling; 

(c)  They  must  possess  sufficient  storage  and  heat  stability  for 
minimum  military  requirements; 

(d)  They  must  be  capable  of  being  formed  into  practical  shapes 
for  warhead  or  propellant  grain  applications; 

(e)  They  must  possess  certain  minimum  physical  requirements  of 
strength,  density,  elongation,  etc.  ,  and  as  much  homogeneity  of  fuel/ 
oxidant  as  possible. 
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The  feasibility  of  meeting  these  requirments  was  briefly  studied 
experimentally  and  the  results  will  be  described  below. 

Energy  Considerations 

The  high  oxygen  explosives,  HOX's,  and  the  nitropolyme r s  considered 
for  this  investigation  are  tabulated  together  with  their  main  physical 
properties  in  Appendices  I  and  II.  The  symbols  indicated  for  them  will  be 
used  for  convenience  hereafter.  Nitroglycerine  is  included  for  comparison 
purposes  only.  No  polymers  of  commercial  types  without  nitro  oxygen 
were  included,  as  simple  calculations  showed  that  to  achieve  the  CO  oxygen 
level  in,  for  example,  polyacrylonitrile,  81  weight  percent  of  BTNEC 
would  be  required,  which  is  beyond  any  possible  solubility  limit.  The 
formulation  considered  most  desirable  energy-wise  was  a  homogeneous 
matrix  as  rich  as  possible  in  oxygen,  preferably  to  about  the  CO2  level, 
to  which  aluminum  powder  could  be  added  to  reduce  it  to  the  optimum 
aluminum /oxygen  ratio  for  airblast  or  underwater  explosive  or  solid 
propellant  applications.  The  homogeneity  of  organic  fuel  and  oxidant 
should  provide  a  fast  reaction  in  the  high  explosives  and  a  smooth  fast 
burning  together  with  better  physical  properties  intiie  solid  propellants, 
as  well  as  the  ability  to  regulate  the  oxygen-to-fuel  ratio  at  will  within 
the  limits  of  the  system.  Calculated  heats  of  detonation  of  several 
possible  systems  are  shown  in  Table  I.  Calculated  specific  impulse  of 
B  TNEN  as  an  HOX  with  two  energetic  fuels  is  shown  in  Table  II. 

SUMMARY  OF  RESULTS 

It  was  soon  found  that  from  50-70%  of  these  HOX's  could  be 
incorporated  by  various  techniques  into  these  polymers  without  visual 
crystallization  even  under  the  microscope.  A  definite  solubility  limit 
was  observed  which  was  characteristic  of  each  HOX  in  each  polymer 
and  above  which  crystallization  occurred.  These  are  shown  in  Table  III 
and  are  rough  values  only.  The  presence  of  a  third  component  such  as  a 
plasticizer  altered  these  values,  sometimes  substantially. 

In  an  effort  to  demonstrate  true  solubility,  one  system,  namely,  the 
BTNEC/PNU  XIII-A  system  was  studied  by  means  of  X-ray  diffraction. 

This  system  was  chosen  as  the  polynitropolyurethane  has  practically  no 
crystalline  character  and  the  diffraction  pattern  of  crystalline  BTNEC 
is  readily  identified  in  mixtures  of  the  two. 


CALCULATED  HEATS  OF  DETONATION  OF  SELECTED 

COMPOSITIONS(^) 
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TNEOC(50.4)  PNU  XIII-A  (10.  2)  39.4  C,  H^,  AI2O3  2650 

(a)  Calculations  based  upon  the  water-arbitrary  method  described  by  Price  (7). 
Calculated  heats  of  formation  of  HOX  and  polymer  shown  in  Appendices  I  and  II. 

(b)  Weight  percent  composition.  NC  =  nitrocellulose,  13.4%N;  PNU  XIII-A  =  Aerojet- 
General  polynitropolyurethane  XIII-A 
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TABLE  II 

CALCULATED  MAXIMUM  SPECIFIC  IMPULSE  AS  PROPELLANTS 
OF  SELECTED  HOX/FUEL  SYSTEMS 


Propellant  System 

I  (a) 

sp 

l-H 

cn 

BTNEN/Al  (73/27) 

274 

21.0 

BTNEN/AIH3  (68/32) 

318 

21.4 

AP/Al 

269 

NC/NG/AP/Al 

264 

17.  0  + 

These  calculations  are  those  of  the  Allegany  Ballistics  Laboratory  (10). 

(s-)  Ibf-sec/lbw 

(b)  I  .d  =  Ibf-sec/in^ 

'  sp 
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TABLE  m 

APPROXIMATE  VISIBLE  SOLUBILITY  LIMIT  OF  HOX'S  IN 

NITROPOLYMERS 


Explosive  BTNEN  TNEOC  BTNEC  TEFO 


Polymer 

Wt.% 

Vol% 

Wt% 

Vol% 

Wt% 

Vol% 

Wt% 

Vol% 

Nitrocellulose 

12.  6%N 

70 

64.  9 

55 

51.  0 

60 

55.  6 

75 

74.  2 

13.45%N 

75 

69.  2 

70 

66.9 

65 

61.  1 

75 

73.  6 

Polynitro- 
polyurethane 
(Aerojet  XIII- A) 

65 

61.6 

55 

52.  0 

60 

56.  5 

70 

68.  7 

Polydinitro- 
propyl  acrylate 
(Aerojet) 

75 

69.  2 

70 

65.  3 

70 

64.  7 

Note:  All  values  are  subject  to  possible  errors  of  +  5%.  These 

solubilities  were  measured  by  microscopic  observation  of  the 
first  appearance  of  crystals. 
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Below  about  30%  BTNEC  no  crystal  diffraction  could  be  observed. 
However,  from  30%  to  the  visual  appearance  of  crystals  at  about  60%, 
crystallites  appear  in  increasing  amounts  with  increasing  concentration 
which  gave  an  X-ray  pattern  but  were  too  small  to  be  readily  observed 
with  a  microscope.  This  view  is  supported  qualitatively  by  the  fact  that 
densities  of  formulations  in  this  range  are  intermediate  between  theoretical 
voidless  densities  calculated  in  two  different  ways.  In  one,  the  HOX  is 
assumed  to  be  in  true  solution  in  which  case  its  liquid  density  is  used. 

In  the  other  it  is  calculated  as  a  solid  using  the  crystal  density  of  the  HOX. 
Impact  sensitivities  do  not  change  a  great  deal  with  HOX  concentration 
until  the  visual  saturation  level  is  exceeded  when  it  becomes  substantially 
more  sensitive.  The  change  in  physical  properties  is  substantial  over 
this  range. 

Compatibility  and  storage  life  were  judged  by  the  100°C  vacuum 
thermal  stability  test.  Provided  all  solvent  had  been  removed,  all  of 
these  systems  were  found  to  be  satisfactory  in  gas  evolution  (<2.  0  cc  gas/g 
for  48  hrs.)  with  the  exception  of  those  formulations  based  upon  BTNEN. 
This  HOX  is  by  far  the  best  choice  as  an  oxidant,  thermodynamically,  of 
the  class,  but  its  questionable  thermal  stability  has  long  been  recognized 
particularly  when  in  solution  or  in  the  molten  state  Therefore, 

BTNEN  solutions  balanced  to  the  CO2  level  in  guncotton  grade  NC,  and 
PNU  XIII-A  were  prepared  and  vacuum  stability  tests  at  90°C  measured 
both  with  and  without  added  stabilizer.  These  samples  were  found  to  be 
generating  brown  fumes  after  about  8  weeks  storage  at  ambient 
temperature.  They  produced  3-4  cc  gas/g  after  only  1  hour  at  90°C  and 
over  30  cc  gas/g  in  18-24  hours  in  both  stabilized  (0.  5%  added  2,  4-di- 
nitrodiphenylamine)  and  unstabilized  samples.  Thus  the  stability  is 
indeed  quite  poor  by  any  standards,  and  it  is  considered  unlikely  that  it 
would  pass  even  propellant  surveillance  tests. 

For  nitrocellulose  based  formulations,  the  need  for  a  stabilizer 
compatible  with  the  HOX's  posed  a  problem,  as  it  was  known  that  most 
explosives  containing  the  -C(N02)'3  group  were  incompatible  with  the 
usual  stabilizers  such  as  diphenylamine  and  ethyl  centralite.  Using 
BTNEC  for  screening  purposes,  two  compatible  stabilizers  have  been 
found,  2,  4-dinitrodiphenylamine  and  4-hydroxybiphenyl.  The  latter 
represents  a  new  class  of  phenolic  stabilizers  for  nitrocellulose  recently 
described  by  Frankford  Arsenal  and  others  of  this  class  would 
probably  also  be  satisfactory. 
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Four  processing  methods  were  explored  briefly  with  the  following 
results: 

(a)  The  simultaneous  deposition  of  nitrocellulose  or  polynitro 
polyurethane  and  HOX  from  a  common  solvent  by  evaporation  appeared 
to  be  satisfactory  but  suffered  from  the  usual  severe  shrinkage.  Such 
compositions  extruded  quite  well  or  could  be  cast  into  sheets. 

(b)  Shock-gel  precipitation  developed  at  the  Allegany  Ballistics 
Laboratory  adapted  to  solutions  of  both  polymer  and  HOX  produced 
stable,  gelled  beads  which  conceivably  could  be  stored  and  processed 
into  form  by  compression  molding  or  possibly  solventless  casting. 

(c)  Compression  molding  of  shock- gelled  beads  of  either  nitro¬ 
cellulose  base  or  polynitro  polyurethane  base  appeared  quite  promising 
provided  sufficient  plasticizing  components  were  present.  Temperatures 
of  65°-80°C  and  pressures  of  15,  000  *•  Z5,  000  psi  produced  tough,  dense 
charges,  capable  of  being  machined  but  not  brittle. 

(d)  Solventless  casting  was  explored  very  briefly.  The  shock- 
gelled  beads  of  nitrocellulose  and  HOX  were  swelled  slowly  by  liquid 
explosive  plasticizers  such  as  the  trinitroethyl  esters  of  azelaic  and 
sebacic  acids  or  their  mixtures  with  TEFO  at  40-50°. 

The  sensitivity  of  these  compositions  was  judged  by  drop  weight 
impact  sensitivity  tests  on  35  mg  circular  discs  4  mm  in  diameter. 

They  were  found  to  be  comparable  in  sensitivity  to  double  base  propellants 
In  one  gap  sensitivity  test  a  composition  of  80%  TEFO  in  10%  pyrocellulose 
plasticized  with  10%  chloroethyl  phosphate  was  found  to  be  considerably 
less  sensitive  than  Composition  A. 

The  only  actual  measure  of  performance  has  been  a  small  scale 
fragmentation  test  of  three  compositions  of  BTNEC  in  PNU  XIII-A. 
Performance  comparable  to  Composition  B  was  realized. 


EXPERIMENTAL 

in  this  preliminary  study  no  attempt  was  made  to  do  a  complete 
development  of  techniques  but  merely  to  demonstrate  their  feasibilities 
and  practicalities. 
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Source  of  Materials 


The  polynitropolyurethanes  and  polydinitropropyl  acrylate  were 
uncrosslinked  linear  polymers  obtained  from  Aerojet-General  Corporation, 
Azusa,  California,  PNU  XIII-A  was  stated  to  have  an  intrinsic  viscosity 
of  1.  68  as  a  1%  solution  in  acetone  at  25°.  The  two  grades  of  nitrocellulose 
were  production  material  from  the  Naval  Propellant  Plant,-  Indian  Head, 
Maryland.  The  HOX's  and  nitroplasticizers  were  synthesized. 

Processing  Methods 


Deposition  from  Solvent 

This  method  was  useful  for  preliminary  screening  purposes  but 
required  the  time  consuming  removal  of  solvent  later  with  the  resultant 
final  shrinkage.  It  would  permit  extrusion  just  prior  to  this  final 
removal  of  solvent  as  an  aid  in  fabrication  of  grains  and  mixing  of 
ingredients.  Several  compositions  were  successfully  extruded  into 
1/8”  rods,  but  the  ultimate  size  of  the  grains  would  be  limited  by  this 
technique.  As  all  of  the  polymers  and  HOX's  used  were  soluble  in  acetone 
or  ethyl  acetate  this  was  a  convenient  method.  All  components  were 
dissolved  at  room  temperature  in  the  solvent  with  stirring  at  25°-40°, 
followed  by  removal  of  solvent  at  25°  to  a  thick  syrup  and  final  evaporation 
in  shallow  trays.  Last  traces  of  solvent  were  removed  by  drying  in  a 
vacuum  oven  at  50°.  Films  of  1  to  5  mm  thick  were  readily  prepared  but 
thicker  films  were  difficult.  These  films  were  peeled  out  of  the  trays 
and  examined  under  a  low  power  (lOOX)  microscope  for  crystallization 
and  visually  for  flexibility  and  toughness.  Circular  pellets  were  cut 
from  sheets  of  proper  thickness  with  a  cork  borer  to  give  35  mg  pellets 
4  mm  in  diameter  for  impact  sensitivity  and  thermal  stability  measure- 
ments(^).  Densities  were  obtained  by  weighing  a  piece  in  water  and  air. 
This  was  found  to  be  very  dependent  on  removal  of  last  traces  of  solvent. 
Some  of  the  PNU  and  DNPA  formulations  were  soft  enough  to  be  molded 
like  stiff  putty  but  after  compression  molding  with  heat  these  became 
much  harder.  Tables  IV,  V  and  VI  show  typical  results  of  preparations 
of  such  films. 

Dropping  the  acetone  solution  of  a  composition  into  water  produced 
tough  dense  beads  after  drying,  which  if  of  the  proper  composition  were 
then  amenable  to  compression  molding.  However,  the  shock-gel  solvents 
described  below  are  much  superior  to  acetone  for  nitrocellulose  based 
compositions. 
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CEF  =  1- - Chloroethyl  phosphate,  Celanese  Corporation. 

(a)  By  weighing  in  water  and  weighing  in  air. 

(b)  NOL  machine,  2.  5  kg.  weight  on  35  mg  pellets.  JPN  and  AHH  double-base  propellants  give  values  of  23  cm  and  28  cm  in  this  test. 

(c)  Via  Microscope,  lOOX. 
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(c)  Via  Microscope  lOOX 

Nitrocellulose  was  guncotton  grade  from  production  at  Naval  Propellant  Plant,  Indian  Head,  Md. 
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Shock-Gel  Precipitation  of  Nitrocellulose  Formulations 


This  technique  developed  at  the  Allegany  Ballistics  Laboratory  for 
double-base  propellants  (1^)  was  found  to  be  very  useful  for  nitrocellulose 
based  compositions,  but  for  PNU  based  mixtures  gave  the  same  results 
as  water  precipitation  from  acetone.  All  components,  HOX,  stabilizer, 
NC,  and  plasticizer  if  needed,  were  dissolved  in  the  proper  shock-gel 
solvents  and  by  dr  op- wise  addition  to  water  produce  small  spheres  of 
gelatinized  composition  which  when  dried  were  much  more  amenable  to 
compression  molding.  These  spheres  appear  to  be  homogeneous  and 
devoid  of  crystalline  material  provided  the  solubility  limit  was  not 
exceeded  by  the  composition.  The  mixtures  of  methyl  cellpsolve  and 
propylene  glycol  recommended  by  the  Allegany  Ballistics  workers 
appeared  to  be  quite  satisfactory  for  this  method. 

Casting  and  Plasticization 

A  brief  search  was  made  for  a  liquid  or  low  melting  solid  explosive 
which  would  plasticize  these  polymers  without  detracting  seriously  from 
the  oxygen  content  and  which  would  be  thermally  stable  and  reasonably 
insensitive.  The  compounds  examined  are  shown  in  Table  VII.  All  but 
one  appeared  to  plasticize  well,  but  TNEAz  and  TNESeb  were  preferable 
to  the  ETNB,  whose  vapor  pressure  was  too  high.  The  TEFO  appeared 
to  be  the  best  of  all  and  had  the  added  advantage  of  high  density  and 
oxygen  content.  It  did  not  appear  to  sensitize  formulations  any  more 
than  would  a  corresponding  amount  of  HOX. 

Sqlventless  casting  techniques  have  been  attempted  in  a  preliminary 
way  only.  Dried  nitrocellulose /HOX  formulations,  precipitated  from 
acetone  into  water,  were  moistened  with  10%  liquid  explosive  plasticizers 
ETNB  and  TNEAz  and  allowed  to  stand  for  several  days  at  25°  and  50°. 
Swelling  and  gelatinization  occurred  slowly  and  incompletely. 

Compression  Molding 

This  has  been  the  most  useful  technique  to  date.  It  involved  first 
the  preparation  of  a  molding  powder  by  precipitation  into  water  from 
acetone  or  a  shock- gel  solvent,  followed  by  filtration  and  drying.  This 
molding  powder  could  be  stored,  and  was  readily  compression  molded 
at  60°-90°  into  tough,  dense,  machinable  cylindrical  shapes.  By  employ¬ 
ing  different  plasticizer  contents  the  hardness  could  be  varied  over  a  wide 
range.  A  tabulation  of  selected  compositions  is  shown  in  Table  VIII. 


CONFIRM  llAX 
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In  several  cases  where  too  high  temperatures  and  pressures  were 
employed  for  this  molding,  the  material  extruded  around  the  ram  of  an 
old  mold  and  it  is  believed  that  a  solventless  extrusion  might  be  developed 
with  these  materials. 

With  synthetic  polymers  such  as  polydinitropropyl  acrylate  or  the 
polynitropolyurethane s  a  desirable  method  might  be  the  incorporation 
of  the  HOX  during  the  polymerization  in  much  the  same  manner  in  which 
ammonium  perchlorate  is  introduced  in  current  polyurethane  based 
composite  propellants.  This  has  not  been  attempted.  As  the  Aerojet- 
General  workers  have  ascertained^  ^  3)  that  trinitromethyl  groups  appear 
to  be  chain  transfer  agents  in  vinyl  type  (free  radical)  polymerizations, 
this  may  eliminate  the  acrylate  derivatives  from  such  consideration. 

Extrusions 

In  addition  to  accidental  extrusions  of  several  preparations  around 
the  ram  during  compression  molding  trials  at  too  high  a  temperature, 
Table  VIII,  three  different  compositions  were  successfully  extruded  with 
rather  crude  equipment.  These  are  shown  in  Table  IX.  The  samples 
were  prepared  by  evaporation  of  an  acetone  solution  to  a  rubbery  sheet. 
This  was  cut  into  circular  discs  with  a  cork  borer  to  fit  the  extrusion 
die.  The  press  was  a  laboratory  arbor  press  designed  for  the  extrusion 
of  metallic  sodium.  The  orifice  on  the  die  was  a  0.  1Z5''  circular  hole. 

The  extrusion  was  easily  carried  out  at  Z5°  and  the  grains  dried  in  a 
vacuum  oven  at  40-50°  for  final  removal  of  solvent.  All  samples  retained 
their  shape  after  drying  but  some  shrinkage  was  noted  with  all  of  them. 

Thermal  Stability 

The  vacuum  thermal  stability  test^^O)  was  employed  generally  at 
100  C  for  48  hours  as  an  accelerated  surveillance,  storage  and 
compatibility  test.  Volumes  of  evolved  gas  of  less  than  Z.O  cc/g  are 
believed  to  represent  very  satisfactory  stability.  Values  from  Z.O  to 
6.0  cc/g  are  barely  satisfactory  and  these  samples  require  further 
evaluation,  and  volumes  above  6.0  cc/g  are  generally  indicative  of  poor 
stability.  Selected  compositions  of  each  type  composition  only  are  shown 
in  Table  X,  as  variations  in  the  amounts  of  each  component  produced  only 
minor  variations. 
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TABLE  IX 


EXTRUSIONS 
(1/8"  orifice) 


No. 

HOX 

Polymer 

Plasticizer 

Remarks 

15A 

BTNEC  (75) 

PNU  Xm-A  (22) 

CEF  (3) 

Extruded  well 

15B 

BTNEC  (75) 

PNU  XIII-A  (22) 

MTNB=«(3) 

Extruded  well 

15C 

BTNEC  (75) 

NC  (22) 

MTNB’KB) 

Extruded  well 

Note:  The  samples  still  contained  acetone  as  solvent.  The  press 
used  was  a  laboratory  arbor  press  used  for  extrusion  of 
metallic  sodium.  The  temperature  was  about  25°. 

*  MTNB  =  Methyl  4,  4,  4-trinitrobutyrate 
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As  an  additional  test,  the  hot  bar  ignition  temperature  test^^O)  was 
applied  to  representative  compositions  and  is  shown  in  Table  XI  together 
with  the  explosive  PBX-9404  (see  glossary)  and  experimental  propellants 
from  Aerojet  and  the  Rohm  and  Haas  Laboratories  consisting  of  AP  in  a 
polynitro  matrix. 

Nature  of  Solution 

In  attempting  to  calculate  voidless  densities  and  compare  observed 
values  of  both  films  and  compre ssionmolded  specimens  it  became  apparent  that 
the  latter  values  were  higher  than  those  calculated  from  the  liquid 
densities  of  all  components,  but  lower  than  values  calculated  using  the 
crystal  densities  of  all  components.  Typical  calculations  are  shown  in 
Table  XII.  It  was  concluded  that  a  portion  of  the  solid  components  is  in 
true  solution  where  liquid  densities  would  be  proper,  and  a  portion  is  in 
the  form  of  sub-microscopic  crystallites  where  crystal  densities  would  be 
appropriate.  The  X-ray  diffraction  examination  of  compositions  of 
PNU-XIII-A  and  BTNECin  various  proportions  was  performed  to  clarify 
this  point.  The  polymer  has  no  crystalline  character  or  diffraction 
pattern  of  its  own  so  that  the  known  diffraction  bands  of  crystalline  BTNEC 
were  readily  observed.  The  results  are  shown  in  Table  XIII. 


TABLE  Xm 

X-RAY  DIFFRACTION  EXAMINATION  OF  SYSTEM:  PNU/  BTNEC 


%  BTNEC 

Wt.  %  PNU  xni-A 

X-Ray  Diffraction 
Pattern 

0 

100 

None 

10 

90 

None 

25 

75 

None 

40 

60 

Weak  BTNEC 

55 

45 

Moderate  BTNEC 

65 

35 

Strong  BTNEC 
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TABLE  XI 

IGNITION  TEMPERATURES 


No. 

Composition 

Ignition 

Temperature  C 

29A 

TNEOC/PNU  XIII-A/Al/CEF 
52.2/17.4/28.0/2.4 

No  ignition  <375 

29B 

BTNEC/PNU  Xm-A/Al/CEF 

53.  6/16. 2/28. 1/2.  1 

200-213 

25C 

BTNEC/PNU  Xm-A 

78/22 

203 

24A 

TNEOC/TEFO/GC 

51.  0/21. 5/27.  4' 

184 

PBX  9404  (see  glossary) 

272 

L5265 

(Aerojet) 

AP/PNU  XIII-A 

82/18 

232 

QR  (Rohm 
and  Haas) 

Poly-Petrin  Acrylate 

AP 

TEGN 

Ethyl  Centralite 

A1 

EHM  Monomer 

Polyester  Crosslinker 

14.  6 

47.  9 

17.  5 

0.  2 

18.  0 

1.  6 

0.  25 
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(a)  Estimated  as  10%  less  than  crystal  density. 

(b)  Pressed 
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By  comparison  with  the  visual  solubility  limit  of  this  system  from 
Table  III  it  is  apparent  that  below  about  30%  the  BTNEC  is  in  true  solution 
but  that  between  30%  and  60%,  where  crystals  finally  become  visible  with 
the  microscope,  a  steadily  increasing  appearance  of  diffraction  bonds 
suggests  sub-microscopic  crystallites.  This  raises  the  question  of 
possible  further  slow  crystallization  during  storage.  A  24  hour  storage 
of  two  nitrocellulose  compositions,  a  PNU  and  a  DNPA  composition  at 
-70°C  failed  to  alter  the  microscopic  appearance  of  the  sample  but  the 
above  X-ray  specimens  are  being  stored  at  ambient  temperature  and  will 
be  re-examined  after  one  year. 

Fragmentation  Test 

This  is  the  so-called  plate -push  test  developed  at  which 

has  been  scaled  down  to  charges  0.  37  inches  by  1 . 0  inches  long  at  the 
Lawrence  Radiation  Laboratory.  As  only  small  amounts  of  explosive  are 
required  it  is  useful  as  a  screening  test.  However,  the  time  available 
for  energy  release  is  only  2-5  ^isec.  The  samples  were  prepared  by 
compression  molding  0.  5  x  1.0"  pellets  and  machining  them  down  to  the 
required  diameter.  The  system  BTNEC/PNU  XHI-A  was  chosen  and 
three  different  oxygen  levels  prepared.  All  exceeded  the  saturation  level 
of  BTNEC  and  contained  some  visible  crystalline  BTNEC,  but  had  impact 
sensitivities  in  the  usual  range  of  20-35  cm.  The  results  are  shown  in 
Table  XIV. 


TABLE  XIV 

SMALL  SCALE  PLATE-PUSH  TEST 


Composition  Density  Oxygen  Balance  Relative  Plate 

No.  %BTNEC  %PNU  Xm-A  (g/cc)  (Ratio  CO2/CO)  Velocity(a) 


25C 

78 

22 

1.  74 

5/1 

1.21 

28A 

67 

33 

1.  71 

1/1 

1.  27 

27B 

82 

18 

1. 78 

1/0 

1.31 

PBX 

9404 

1.  82 

1.  38 

TNT 

1. 63 

1. 00 

(a)  Relative  to  TNT  as  1.00 


Gap  Sensitivity  Test 


The  small  scale  gap  test  developed  at  NOL  vra-s  employed.  The 
formulation  tested  was  TEFO/NC/CEF  (80/10/10)  which  had  a  pellet 
impact  sensitivity  of  18  cm.  Lead  azide  was  used  as  the  donor  explosive. 
With  six  trials  at  zero  gap,  two  detonated  and  two  deflagrated  giving  no 
plate  dent.  With  an  air  gap  about  half  that  required  for  50%  initiation 
of  Composition  A,  two  samples  deflagrated  and  four  failed  out  of  six 
trials.  Thus  it  was  concluded  that  this  composition,  which  was  one  of 
the  more  sensitive  ones  to  impact  and  exceeded  the  solubility  limit  for 
TEFO,  was  very  much  less  sensitive  to  the  gap  test  than  Composition  A. 


CONCLUSIONS 

The  preparation  of  an  essentially  homogeneous  plastic  matrix  rich 
in  nitro  group  oxygen  which  would  be  sufficiently  safe  for  practical 
military  use  in  handling  and  storage  appears  to  be  quite  feasible.  The 
use  of  this  matrix  with  energetic  fuels  such  as  aluminum  powder  to 
formulate  either  high  explosives  or  energetic  solid  propellants  offers 
real  promise.  For  high  explosives,  this  matrix  with  its  very  high  oxygen 
content  would  permit  the  use  of  a  high  percentage  of  aluminum  and  still 
maintain  the  optimum  Al/O  ratio  for  producing  explosives  with  substantially 
increased  explosion  energy  for  either  airblast  or  underwater  applications. 
An  energy  increase  of  25%  over  either  H-6  or  HBX-3  appears  quite 
possible  with  a  substantial  part  of  it  in  shock  energy.  For  solid  propellant 
applications  these  formulations  may  well  provide  a  specific  impulse  as 
high  as  265  and  would  contain  only  the  suspended  aluminum  powder  as  a 
separate  solid  phase,  thus  giving  much  better  control  of  physical  properties 
and  burning  rates.  These  propellants  while  probably  safe  enough  for 
military  use  in  storage  and  handling  might  well  be  capable  of  mass 
detonation  if  explosively  boostered.  This  disadvantage  is  believed 
inevitable  in  all  propellant  formulations  in  which,  in  order  to  obtain 
high  energies,  all  components  are  of  an  energetic  nature.  However, 
if  the  compositions  are  as  safe  as  the  more  insensitive  warhead  explosives 
their  practical  use  should  be  possible. 
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RE  COMMEND  ATIONS 

It  is  recommended  that  this  promising  development  be  actively  pursued 
along  the  following  lines: 

(a)  A  more  accurate  assessment  of  sensitivities  by  the  ijegular 

card-gap  test;  ■ 

(b)  Actual  performance  measurements  of  the  optimum  formulation 
as  an  underwater  explosive  with  careful  measurement  of  the  energy 
distribution  between  shock  and  bubble; 

(c)  Actual  performance  measurements  of  the  optimum  formulation  as 
a  solid  propellant  both  as  to  burning  rates  and  specific  impulse,* 

(d)  Development  of  practical  processing  techniques  for  loading  into 
large  irregularly  shaped  spaces  preferably  without  the  use  of. high 
pressures.  This  may  be  possible  by  introducing  a  partially  polymerized 
composition  into  a  space  followed  by  a  heat  cure  to  complete  the 
polyme  rization; 

(e)  Continued  study  of  the  effect  of  composition  on  physical  properties, 
sensitivity  and  processing  methods; 

(f)  The  use  of  other  nitropolymers  such  as  petrin  acrylate  or 
nitrocellulose  cross-linked  with  a  diisocyanate  or  a  diacid  anhydride. 

The  cross-linked  nitrocellulose  which  has  been  investigated  briefly  by  the 
Allegany  Ballistics  Laboratory  and  Ballistics  Research  Laboratory  appears 
particularly  promising  as  it  seems  to  greatly  improve  the  heat  stability 
without  detracting  too  seriously  from  its  desirably  high  oxygen  content. 

The  combination  of  polyme  rization  of  monomers  and  blending  of  HOX  into  one 
step  seems  worth  investigation. 
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A  positive  value  is  an  endothermic  value. 

Grams  required  to  produce  one  surplus  gram/atom  of  oxygen  above  the  level  indicated. 


NAVORD  Report  6677 


BIBLIOGRAPHY 


Cox,  E.H.,  and  Sickman,  D.V.,  "Re  search  and  Development 
in  New  Chemical  High  Explosives",  NAVORD  Report  479, 
December  1949,  BuOrd 

Sager,  W.  F.  ,  and  Sickman,  D.  V.  ,  "Research  and  Development 
in  New  Chemical  High  Explosives,  Second  Report", 

NAVORD  Report  483,  June  1952,  BuOrd 

Ibid  -  Third  Report,  NAVORD  Report  486,  February  1954,  BuOrd 

Sager,  W.  F.  ,  Ibid,  Fourth  Report,  NAVORD  Report  4812, 

January  1955,  BuOrd 

Johnson,  O.H.,  "Preliminary  Studies  of  the  De sensitization  of 
Explosive  Compositions  of  the  Type:  Aluminum /Ammonium 
Perchlorate /RDX",  NAVORD  Report  2197,  September  1951,  NOL 

Davis,  T.  L. ,  "Chemistry  of  Powder  and  Explosives", 

John  Wiley  Sons,  1943,  page  293 

Price,  Donna,  "Inter-Relationships  of  Explosive  Characteristics 
II",  NAVORD  Report  4230,  April  1956,  NOL 

Finnegan,  W,  G.  ,  Burkardt,  L.  A.  ,  Henry,  R.A.,  and 
McEwen,  W.S.  ,  "Preparation  and  Evaluation  of  Poly  (l-and  2- 
Methyl-5-Vinyltetrazoles",  Bulletin  of  the  Fourth  Meeting, 

JANAF  Solid  Propellant  Group,  Vol.  II,  page  139,  Redstone 
Arsenal,  Huntsville,  Ala.,  May  1958 

Rosen,  J.M.,  "Properties  of  Bis(Trinitroethyl)  Nitramine, 
BTNEN",  NAVORD  Report  1757,  December  1950,  NOL 

Preckel,  R.  F.  ,  Shoff,  A.  R.  ,  Jacobs,  A.M.,  "Very  High 
Impulse  Propellants",  Bulletin  of  the  Fourth  Meeting,  JANAF 
Solid  Propellant  Group,  Vol.  II,  page  200,  Redstone  Arsenal 
Huntsville,  Ala.  ,  May  1958 

Preckel,  R.F.,  Orlick,  C.A.,  and  Godsey,  J.  H.  ,  "Ultra  High 
Impulse  Propellant  Systems",  Allegany  Ballistics  Laboratory 
Report  ABL/P- 36,  August  1958 


NAVORD  Report  6677 


B  IB  LIOGRAPH^  c  ont '  d) 

(11)  Sollet,  G.  P.  and  Einberg,  Fred,  "Investigation  of  Heat 
Stabilizers  for  Nitrocellulose  Film",  Paper  No.  9, 

National  Meeting  American  Chemical  Society,  Division  of 
Paint,  Plastics,  and  Printing  Ink  Chemistry,  September  1958, 
Chicago,  Ill. 

(12)  Gardner,  W.  H.  ,  Elrick,  D.E.,  Preckel,  R.  F. ,  "Shock-Gel 
Method  for  Processing  Nitrocellulose.  Part  I",  September  1956, 
Contract  NOrd  10431,  Allegany  Ballistics  Laboratory, 
Cumberland,  Md. 

(13)  Linden,  G.  B.  ,  et  al,  "Research  in  Nitropolymers  and  Their 
Application  to  Solid  Smokeless  Propellants",  Aerojet-General 
Corporation,  Report  1162  (Final)  Contract  N70NR-462  Task 
Order  I,  September  1956 

(14)  Hill,  M.E.,  "Preparation  and  Properties  of  Bis(Trinitroethyl) 
Carbonate,  NAVORD  Report  3656,  December  1953,  NOL 

(15)  Hill,  M.E.,  Kamlet,  M.  J.  ,  and  Bradley,  A.,  "Development 
of  the  Synthesis  of  Bis(Trinitroethyl)  Carbonate,  BTNEC,  A 
New  Oxygen  Rich  High  Explosive",  NAVORD  Report  3969, 

April  1955,  NOL 

(16)  Hill,  M.E.  ,  "A  New  Reaction  of  Nitroalcohols  with  Halogen 
Compounds,  I  Orthoesters",  NAVORD  Report  3915,  August  1955, 
NOL 

(17)  Hill,  M.  E.  ,  and  Shipp,  K.  G.  ,  "A  New  Reaction  of  Nitroalcohols 
with  Halogen  Compounds.  II,  Synthesis  of  Nitroalkyl  Chloro- 
carbonates  and  Bis  Carbonates",  NAVORD  Report  in  preparation 
(NOL) 

(18)  Hill,  M.  E.  ,  and  Shipp,  K.  G. ,  "Synthesis  of  Nitroalcohol  Acetals 
in  Sulfuric  Acid",  NAVORD  Report  6672,  NOL 


28 


NAVORD  Report  6677 


BIBLIOGRAPHY  (cont'd) 

(19)  Solem,  A.,  Kitchens,  J.  ,  Schneider,  J.  ,  "The  Momentum  and 
Kinetic  Energy  of  Steel  Discs  Accelerated  from  the  Ends  of 
Explosive  Cylinders",  NAVORD  Report  4006,  June  1957,  NOL 

(20)  Rosen,  J.M.,  and  Simmons,  H.  T.  ,  "Preliminary Examination 
of  Compounds  Prqjared  in  the  New  High  Explosives  Program", 
NAVORD  Report  2782,  February  1953,  NOL 

Kamlet,  M.  J.  ,  "A  Correlation  of  Impact  Sensitivities  with 
Oxidant  Balances",  NAVORD  Report  6126,  September  1958,  NOL 


(21) 


NAVORD  Report  6677 


DISTRIBUTION 

Copies 


Office  of  Naval  Research,  Wash.  ,  D.  C.  -  1 

Chief,  Bureau  of  Ordnance,  Wash.,  D.  C. 

Attn:  ReU-3 -  2 

Attn:  Re  06 -  1 

Attn:  Re  S3 -  1 

Attn:  ReW3 - : -  1 

Commander,  Naval  Ordnance  Test  Station,  China  Lake,  Calif. , 

Attn:  Chem.  Research  Div. -  1 

Attn:  Explosives  and  Pyrotechnics  Div.  -  2 

Commanding  Officer,  Picatinny  Arsenal,  Dover,  N.  J. , 

Attn:  Chem.  Research  Section -  2 

Attn:  High  Explosives  Section -  1 

Director,  Naval  Research  Laboratory,  Wash.,  D.C., 

Attn:  Chemistry  Division - - -  1 

Commander,  Naval  Weapons  Station,  Yorktown,  Va. , 

Attn:  Research  and  Development  Div. ,  Mr.  J.  Manley -  1 

Commander,  Naval  Propellant  Plant,  Indian  Head,  Md. , 

Attn:  Research  and  Development  Div. -  1 

Solid  Propellant  Information  Agency,  Applied  Physics 

Laboratory,  Johns  Hopkins  University,  Silver  Spring,  Md.  -  2 

Armed  Services  Technical  Information  Agency,  Arlington 

Hall,  Arlington  12,  Va. - - -  2 

Commanding  General,  Aberdeen  Proving  Ground,  Attn: 

Ballistics  Research  Laboratory -  2 

Commanding  Officer,  Engineer  Rsearch  and  Development 

Laboratories,  Ft.  Belvoir,  Va.  -  1 

Commanding  General,  Redstone  Arsenal,  Huntsville,  Ala. , 

Attn:  Rohm  and  Haas  Co.,  Research  Div. -  1 

Attn:  Army  Rocket  and  Guided  Missile  Agency -  1 

Director,  Lawrence  Radiation  Laboratory,  University  of 

California,  Livermore,  Calif.  ,  Attn:  John  Kury,  Library--  2 

(Project  LACE) - 

Director,  Los  Alamos  Scientific  Laboratory,  Los  Alamos, 

N.  M. ,  Attn:  Dr.  L.  C.  Smith -  1 

Director,  Bureau  of  Mines,  Pittsburgh,  Pa.  ,  Attn: 

Div.  of  Explosives  Technology -  1 

Chief,  Bureau  of  Ordnance,  Wash.,  D.  C. 

Attn:  Re04 -  1 

Attn;  ReS6 -  1 


NAVORD  Report  6677 


DISTRIBUTION  (conf  d) 


Copies 


Commander,  Naval  Proving  Ground,  Dahlgren,  Va. -  1 

Commanding  Officer,  Ordnance  Ammunition  Command, 

Joliet,  III.,  Attn:  ORDLY-R-T . .  I 

Office  Chief  of  Ordnance,  Dept,  of  Army,  Wash.  ,  25,  D.  C. , 

Attn;  ORDTB . I 

Attn:  ORDTU . - - - -  I 

Commanding  Officer,  Frankford  Arsenal  (Pitman-Dunn 

Laboratory)  Philadelphia,  Pa. -  1 

Aerojet-General  Corp.  ,  Azusa,  Calif.,  Attn:  Dr.  M.  Gold, 

Dr.  C.  L.  Zernow  (Contract  19020) -  2 

National  Northern  Ordnance  Corp. ,  West  Hanover,  Mass.  , 

Attn;  Dr.  Charles  Plummer  (Contract  NORD  18017) -  1 

Commander,  David  Taylor  Model  Basin,  Carderock,  Md.  --  1 

Commander,  U.  S.  Naval  Underwater  Ordnance  Station, 

Newport,  Rhode  Island -  1 

Director,  Woods  Hole  Oceanographic  Institution, 

Woods  Hole,  Mass. -  1 

Allegany  Ballistics  Laboratory,  Cumberland,  Md. 

(Contract  NOrd  16640) -  1 


o 

CO 

o 

-H 


